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The aim of the Solar- Powered Air-conditioning System's project is to harness solar
radiation and use its energy to drive low power consuming air-conditioning system. Solar
power was chosen because conventional domestic air-conditioner consumes high
electricity, which is quite costly. The cost can add up to hundreds and thousands of
ringgit per year and with the rising fuel prices, it will be unaffordable for people in the
lower income group to utilize a conventional air-conditioner unit. Due to global warming,
air-conditioning has become a necessity in human's life and with the assistance of
modern technology that can be implemented, solar energy can be harnessed by using
photovoltaic. Through this research work, it has been identified that the major
components in photovoltaic-based air-conditioning systems are battery storage, system
controller, auxiliary energy sources and a new air-conditioning unit. This system is
designed to operate in parallel, interconnected with the grid electricity as a backup power.
The controller connected to the photovoltaic will act as an intelligent controller whereby
it will draw the power from the grid electricity whenever the electrical loads are greater
than the PV system output. The total power required from the solar photovoltaic is
determined by considering the heat gain and the cooling load calculation of a building.
The prototype for this project has been successfully developed according to the
theoretical and calculation value.
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1.1 Background of study
Solar-powered air-conditioning system has a great potential to be developed in our
country since Malaysia receives sunlight throughout the whole year. Moreover, solar air
conditioning potentially offers an elegant exemplar of a clean, sustainable technology,
which is consistent with international commitment to sustainable development. The
underlying advantage of using solar energy directly is that it is free, abundant and
inexhaustible. The total amount of energy radiated from the sun onto the earth's surface
is more than 10 000 times the annual global energy consumption and its usage can also
avoid degradation of the environment (Pearson & Farhi, 2005).
1.2 Problem statement
Sunny days can be considered as a blessing, but yet in the house, a hot day can be
altogether stressful. The arising in temperature due to global warming has led to the
decreasing of human comfortability. This can probably affect the productivity of human
himself. Due to productivity under these conditions, more and more buildings are being
fitted with air-conditioning systems. This is where the need for solar air conditioning
becomes obvious. Days that have the greatest need for cooling are also the very same
days that offer the maximum possible solar energy gain.
The use of conventional air-conditioning system consumes electricity where one
horsepower air-conditioner needs 746 Watts of power. Due to the high electricity
consumptions, and arising in fuel prices, consumer might have to pay more on their
utility bills (Terry, 2001).
1.3 Objectives and Scope of study
The whole project's implementation needs a very high determination in terms of the
objectives as well as the scope of the work so that there is no waste of time during the
project completion. These are also toensure the project work is well-organized.
1.3.1 Objectives
Many reasons can be listed for the need to design a solar-powered air-conditioning
system. The main objectives, is to reduce the dependence on fossil fuel, such as natural
gas, which is widely used to generate electricity inMalaysia.
Apart from that, air-conditioning system must also be made affordable for the lower
income group. Thus it is objective of this project to design a low power consuming air-
conditioning system based on our country's solar insolation pattern and temperature.
The system should be designed in such a way that it can provide a reasonably good
comfort level for everybody, from the rural folks all the way to urban and suburban
population.
The system that has to be designed must reach some criterions. First it can be used to
harness solar radiation based on Sun's geographical location in Malaysia and secondly,
the system designed can reduce room temperature byat least 5 C.
1.3.1 Scope of study
Photovoltaic systems are chosen in harnessing the solar power because of the sunlight
received in Malaysia throughout the year, which is 800W/m2 (NSTP, 2005) When the
Sun rises, that is the time an air-conditioner is needed and PV can be used to generate
electricity to drive the new air-conditioning system.
However, there are some issues regarding implementationof photovoltaic system, which
needs comprehensive considerations. These issues are the low conversion efficiency of
the photovoltaic cells, location and tracking requirements and also high installation cost.
The last issue that poses a major problem is the ability to sustain the operation in bad
weather condition. A thorough study was carried out on the various design of air-
conditioning system. Based on the weaknesses of the existing systems, a model was
proposed, and the details of the design are given in Chapter 3. The total cooling load
calculation has also been carried out manually and it is presented in Chapter 4.There are
a few experiments that have beenconducted outside Building 15 in Universiti Teknologi
PETRONAS to collect solar insolation data using PV panels. Some experiments on the
developed prototype also have been carriedout to measure the temperature dropsand the
results are presented in Chapter 4.
CHAPTER 2
LITERATURE REVIEW/ THEORY
Before goes into details in the project' design and execution, it is a good idea to
understand and review the existing system in the market nowadays such as conventional
air-conditioner, photovoltaic application and also the process of heat transfer to a
building. These to give a clear picture of the methods and design chosen in the project
work.
2.1 Basic air-conditioning system
An air-conditioning system is a mechanical refrigeration system, which controls the
temperature, moisture content (humidity), movement and cleanliness of air in a definite
space. The purpose of air-conditioner is to maintain a needed or desired atmosphere in a
defined space.
Figure 2.1 shows the major parts in air-conditioning system. There are two sides of









Figure 2.1: Major parts of air-conditioning system
2.1.1 Low pressure side
Low pressure side consists of the expansion device and evaporator section. Each part has
its own task.
2.1.1.1 Expansion device
It is also known as metering device, which is located in the liquid line just ahead of the
evaporator coil. It produces a pressure drop in the refrigerant at the point at which it is
located, accompanied by a drop in temperature. Expansion device may produce a
pressure drop in one of the three ways or methods:
1. Control volume of refrigerant.
2. Control pressure in evaporator coil
3. Control temperature of refrigerant in evaporator coil
2.1.1.2 Evaporator section
It is the part in which the refrigerant vaporizes as it picks up heat from the evaporating
medium. This section consists of
1. Evaporate coil - formed of copper or aluminum tubing and has aluminum fin
pressed onto it to increase its heat transfer efficiency.
2. Blower fan - moves air across the evaporator coil and is usually connected to
the air distribution system by a return duct on the inlet side and by a supply
duct on the outlet side.
3. Refrigerant lines - there are lines located at the low pressure side:
Distribution line: Runs from the expansion device to the evaporator coil
Suction line: Runs from the coil to the compressor inlet. It is the larger
refrigerant line in the system because it must carry the refrigerant vapor.
4. Some accessories - Distributor, suction accumulator and filter drier
2.1.2 High pressure side
While for the high pressure side, it consists of a compressor, condenser section and
refrigerant lines. Their specifically task are as follow:
2.1.2.1 Compressor
A compressor is a component that maintains a pressure different between the high-
pressure and low-pressure side and it also moves the refrigerants circulate through a
system. It can be categorized by their physical characteristics and mechanical action.
2.1.2.2 Condenser section
It is basically a heat exchanger in which heat from the refrigerant is given off to the
condensing medium. The heat given off is the heat picked up from the evaporator and
the compressor. The most common type of air-cooled condenser is a fmned-tube coil
with a blower moving air across it. When high temperature refrigerant leaves the
compressor through the hot gas discharge line, it enters the condenser coil as a saturated
vapor. In the coil, heat flows from the refrigerant to the condenser air because of the
temperature difference and the refrigerant condenses to a liquid.
2.1.2.3 Refrigerant line
There are 2 refrigerant lines in the highipressure side which are:
1. Hot gas discharge line - also known as discharge line, running from compressor
to the condensing unitand carry; hot gas refrigerant.
2. Liquid line - Running from trie condensing unit to the expansion device and
carry a liquid refrigerant.
2.1.3 Conventional air-conditioner
The basic operating principle of air-conditioners involves the mechanism of heat
transfer. It works very much like a refrigerator, although the actual construction details
are different.
A refrigerant such as freon mixed with a small amount of lubricating oil is compressed
by the compressor causing it to become a hot, high-pressure gas. This hot gas runs
through a series of coils, as shown in Figure 2.2 and with the help of the fan, dissipates
this heat to the outside. In this process, the freon cools and condenses into a liquid,
which then runs through an expansion valve, at which point the liquid evaporates to
become cold low-pressure gas. Then it will go through another series of coils and with
assistance of a second fan, absorbs the heat and ithereby cools the air inside of the
building.
The cooling coils causesmoisture in the warmer insideair to condense into water, which
drips and runs to the outside of the building. This condensation process lowers the
humidity on the inside. This condensation principle is also explaining how de-
humidifiers work. Thermostats are aflded to set .desired temperature and protection
i
devices are added to protect the compressor from overheating (Wang, 2001).
Ilofcoils -.-. kxpiinsion Val\c -Cold coils
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Figure 2.2: Schematic diagram of a typical refrigerant based air-conditioner
There are four types of air-conditioner which can be found in the market nowadays.
There are water-cooled conditioner, air-cooled air conditioner, air-cooled water chiller
and water-cooled water chiller. (Wang, 2001)
2.2 New air-conditioning system
The new air-conditioning system which will be designed use the concept of evaporative
cooling system. Evaporative coolers are a cost effective cooling system over the medium
to long term. Evaporative coolers cool and filter the air. Hot outside air is drawn through











Figure 2.3: Airflow ofevaporative cooler
There are many advantages of evaporative cooling system compared to air-conditioner.
Evaporative cooling is one of the most energy-efficient methods of cooling a home.
Besides, it long has been regarded as environmentally safe, since the process typically
uses no ozone-depleting chemicals and demands one-fourth as much energy as
refrigeration during the peak cooling months of the year. In dry climates, evaporative
cooling can be used to inexpensivelycool large homes. (Poenix.gov, 2006)
Evaporative cooling system is an air-conditioning system in which more than 50 percent
of the total cooling provided annually is evaporatively cooled. There are three types of
evaporative cooling process which are direct evaporative cooling, indirect evaporative
cooling and indirect-direct evaporative cooling. (Wang, 2001)
2.2.1 Direct evaporative cooling process
In a direct evaporative cooling process, the airstream to be cooled comes directly into
contact with the wetted medium or water spray. A direct evaporative cooler can provide
cooled air for a conditioned space independently consists of a wetted medium, a fan,
dampers, a control system and a sump at the bottom.
2.2.2 Indirect evaporative cooling process
In an indirect evaporative cooling process, the primary airstream to be cooled is
separated from a wetted surface by a flat plate or a tube wall. The cooled air does not
directly contact the evaporating liquid. In an indirect evaporative process, the cooled
airstream's humidity ratio remains constant because the air to be cooled does not contact
the evaporating liquid.
2.2.3 Indirect-direct evaporative cooling process
In an indirect-direct evaporative cooling process, a direct evaporative cooler is always
connected in series after an indirect evaporative cooler to form an indirect-direct
evaporative cooler. It can provide cooledair with a dry-bulb temperature of 19.4 C and a
relative humidity of about 95 percent when the entering outdoor is at dry-bulb
temperature of33.9°C and awet-bulb of21.1°C. (Wang, 2001)
2.3 Solar photovoltaic
A photovoltaic cell is an integrated device consisting of layers of semiconductor
materials and electric contacts. A group of photovoltaic is often referred as solar cells
where they convert sunlight into direct current (DC) electricity. The solar cells are
electrically configured into modules and arrays, which can be used to charge batteries,
operate motors, and to power any number of electrical loads. With the appropriate power
conversion equipment, PV systems can produce alternating current (AC) compatible
with any conventional appliances, and operate in parallel with and interconnected to the
utility grid.
Photovoltaic (PV) components are divided into three categories by product type: (1)
crystalline silicon cells and modules which include single-crystal, cast silicon, and
ribbon silicon; (2) thin-film cells and modules made from a number of layers of
photosensitive materials such as amorphous silicon; and (3) concentrator cells and
modules in which a lens is used to gather and converge sunlight onto the cell or module
surface. (Solar Server, 2005)
A typical silicon PV cell is composed of a thin wafer consisting of an ultra-thin layer of
phosphorus-doped (N-type) silicon on top of a thicker layer of boron-doped (P-type)
silicon. An electrical field is created near the top surface of the cell where these two
materials are in contact, called the jP-N junction. When sunlight strikes the surface of a
PV cell, this electrical field provides momentum and direction to light-stimulated
electrons, resulting in a flow of current when the solar cell is connected to an electrical
load. Figure 2.4 shows the diagramjof photovoltaic cell.
, Electrical load
sNtGon feyw * 2$®; m
Pft&£phQrQU&-flQfi&f(N-type)
silicon isyer - ftS; i
Figure 2.4: Diagram of photovoltaic cell.
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Regardless of size, a typical silicon PV cell produces about 0.5 - 0.6 volt DC under
open-circuit, no-load conditions. The current (and power) output of a PV cell depends on
its efficiency and size (surface area), and is proportional the intensity of sunlight striking
the surface of the cell. For example, under peak sunlight conditions a typical commercial
PV cell with a surface area of 160 cm (-25 in ) will produce about 2 watts peak power.
If the sunlight intensity were 40 percent of peak, this cell would produce about 0.8
watts.
The solar photovoltaic system (PV system) includes major components such as battery
storage, systemcontroller, auxiliary energysources and the specified electrical load.
Batteries are often used in PV systems for the purpose of storing energy produced by the
PV array during the day, and to supply it to electrical loads as needed (during the night
and periods of cloudy weather). Other reasons batteries are used in PV systems are to
operate the PV array near its maximum power point, to power electrical loads at stable
voltages, and to supply surge currents to electrical loads and inverters. In most cases, a
battery charge controller is used in these systems to protect the battery from overcharge













Figure 2.5: Photovoltaic system components
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2.3.1 Production of So!ar Energy




PV Panels Control Circuit Solar Battery b,— • • w
Figure 2.6: Block Diagram for production of solar energy
For solar system part, the solar panels are connected to the solar battery through a solar
control circuit. This control circuit is essential because it will monitor the flow of the
current in and out to the solar battery. Basically, it will ensure that the battery is not over
charging and also over discharging. This will protect the solar battery and increase it
lifespan.
2.4 Regulating system
Regulating system is the controller partwhich consists of some circuits that control the
flow of the power supply to a system. Figure 2.7 shows the block diagram of the
regulating system.








Figure 2.7: Project Block Diagram
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As shown in figure, there will be two inputs to the system which are solar energy and
Grid power supply. The solar energy will be charged and stored in a battery in order to
increase the voltage. These two inputs will be sent to the regulator. The regulator acts
like a switch that can choose automatically either to use the solar energy or the Grid
power supply as the power source to the load (air-conditioning system). The input power
will be chosen based on the availability of input supply. The output of the regulator will
be connected to the load.
The AC signal of main supply has to be converted to DC signal in order to compare the
power with the input from the solar system; this is called as switching implementation.
To do the conversion, several circuits are implemented which are rectifier circuit, filter
circuit, and regulator circuit
2.4.1 Rectifier Circuit
Basically, a rectifier circuit is used to convert AC voltage to DC voltage. The output
resulting form a rectifier is a pulsating DC voltage and not yet suitable as a battery
replacement (not a pure DC voltage). Figure 2.8 shows the rectifiercircuit.
T AC Input ry—]
3 2
Load
Figure 2.8: Rectifier circuit
2.4.2 Filter Circuit
For DC supply voltages, as those used in a radio, stereo system, computer, DC fan and
pump, the pulsating DC voltage from a rectifier is not good enough. A filter circuit is
13
necessary to provide a smooth DC voltage (Robert, 2002). Figure 2.9 shows the concept











Figure 2.9: Concept of filter circuit
For the filter circuit, a capacitor filter circuit is been used. The purpose of the capacitor
filter is to pass most of DC components while attenuating (reducing) as much as the AC
component as possible.
2.4.3 Regulator Circuit
A voltage regulator circuit provides a constant DC output voltage that is essentially
independent of the input voltage, output load current and temperature. The voltage
regulator is onepart of a power supply. Its inputshould come eitherform solarbattery or
output of a rectifier derived from AC supply. Figure 2.10 shows a regulator circuit.
Figure 2.11 shows the basic components in a block diagram of a series type of regulator
circuit.
R2











Reference Voltage Error Detector Sample Circuit
Figure 2.11: Series Regulator Block Diagram
The control element is in series with the load between the input and output. The output
sample circuit senses a change in the output voltage. The error detector compares the
sample voltage with a reference voltage and causes the control element to compensate in
order to maintain a constant output.
The operation of regulator circuits can be summarized as follow:
n.
If the output voltage decreases, the increased base-emitter voltage causes the
transistor to conduct more, thereby raising the output voltage, maintaining
the output constant.
If the output voltage increases, the decreased base-emitter voltage causes the
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Figure 3.1: Flow chart of project work
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3.2 Selection of the device experiment
For this step, the device chosen for implementing the solar air-conditioning system is
photovoltaic. This device has certain advantages compared to other solar collectors since
the price is reducing due to new technologies invested in the market now.
However, there are some issues need to be considered. The problems might come from
the photovoltaic panels are low conversion efficiency of the photovoltaic cells, location,
and tracking requirementsand also high installation cost.
For this project, the photovoltaic cells used are found in Building 15 and they are under
Mechanical department's supervision. The cells are shown in figure 3.2 and figure 3.3
below.
Figure 3.2: Solar photovoltaic panels
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Figure 3.3: Solar photovoltaic panels
3.3 Data collection
This is the stage where the total power required by the system is determined. For the
calculation involved, there are some data to be collected in designing an air-conditioning
system. The procedures involved are the calculation of the total cooling loads, selection
of system piping arrangement, determination of water flow rates and temperature
throughout the system, selection of pipe sizes and pump, and lastly the preparation for
the final plans and specifications.
3.3.1 Data collection from solar panels
For the solar panels, the data of solar insolation need to be collected. From the
experiments that have been conducted in Building 15 in Universiti Teknologi
PETRONAS, the data collection is gathered and accumulated in the table 3.1 below.






6 7 B 9 10 11 12 13 14 15 16 17 18 19 MJm-2
1 0 0.21 0.87 1.63 2.33 2.9 3 3.1B 2.8 2.15 1.03 0.59 0.18 0 20.87
2 0 0.19 0.67 1.62 2.02 2.14 2.94 2.17 2.26 2.28 2.13 0.79 0.07 0 19.2B
3 0 0.03 0.46 1 1.08 0.92 1.31 1.53 1.36 1.62 0.92 0.51 0.1 0 10.84
4 0 0.13 0.73 1.85 2.41 2.59 3.43 3.21 2.74 2.3 1.57 1.09 0.2B 0 22.33
5 0 0.13 0.81 1.58 0.91 1.63 1.99 2.2 2.12 1.13 0.79 0.47 0.27 0 14.03
6 0 0.15 0.64 1.34 1.38 1.65 1.93 1.75 2.14 1.79 1.11 0.64 0.18 0 14.7
7 0 0.13 0.43 0.73 1.35 1.69 2.3 1.83 2.07 1.71 1.29 0.56 0.18 0 14.27
Weekly
Total 0 0.97 4.61 9.75 11.48 13.52 16.9 15.87 15.49 12.98 8.84 4.65 1.26 0 35.14
Monthly
Mean 0 0.1386 0.659 1.393 1.64 1.931 2.414 2.267 2.213 1.854 1.263 0.6843 0.18 0 5.02
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A graph of daily solar radiation versus time and monthly mean solar radiation versus
time is plotted as shown in figure 3.4 and 3.5 respectively.
OJ
Daily Solar Radiation Vs Time
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Figure 3.4: Graph of daily solar radiation versus
Monthly mean of solar radiation Vs Time
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (hours)
Figure 3.5: Graph of monthly mean solar radiation versus time
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3.4 Analysis development
When come to this step, an analysis has been made in choosing the best design of solar-
powered air-conditioning system. For this project, the design will involved the
photovoltaic system, which consists of battery storage, an intelligent controller, auxiliary










Figure 3.6: Basic design of solar photovoltaic system.
For the air-conditioning system, the design consists of winding coils made from copper,
a fan, a pump and water storage. Figure 3.7 and 3.8 show the basic design of the
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Figure 3.8: Block Diagram of Flow Process
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Starting from the energy conversion of the solar panelto the air-cooling process, each
parthas its own task. The system will be explained according to theparts involved.
3.4.1 Power Source
The solar panels will convert the solar energy to electrical source. This will generate a
waterpump and a fan that works togetherin the cooling system. Solarpanels are used to
transfer the energy into electricity, which supplies the required power for the pump and
the fan since it is based on a DC source.
3.4.2 Pump and Water Duct
This part is referred to process (1) in Figure 3.7. When the energy is transferred into
direct current, the pump will be generated. A pump provides the pressure necessary to
overcomethe resistance to flow ofa liquid in a piping system (Pita, 2002). Water will be
pumped from a water tank placed below the system and flows through a rubber pipe to
the cooling part. The water inlet supplies water to the pump. The pump then increases
the pressure of the water by increasing its velocity first, and then converting the velocity
energy to pressure energy.
The items of major importance in the performance of a pump are the pressure (head) it
will develop, the flow rate it will deliver, the horsepower required to drive the pump,
and its efficiency. These are called the pump characteristics (Pita, 2002).
The water tank provides water supply for the flowing process of the cooling system. The
water supply is cold since it is taken from the lower part of the tank. The cold water will
be used in the next stage where it is going to flow into another part of the system.
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3.4.3 Cooling coil
The water then will go through a coil of pipe that will purposely cool down the
temperature of the water due to the length and type of material used. Refer to Figure 3.7,
process (2).
Cooling coils may use either chilled water or evaporating refrigerant (Pita, 2002).
Cooling coils are usually made of copper tubing with aluminum fins, but copper fins are
sometimes used. The coils are arranged in a serpentine shape, in a number of rows,
depending on the need. The fins increase the effective surface area of tubing, thus
increasing the heat transfer for a given length of tube. The coil may be constructed either
with tubes in series or in parallel to reduce water pressure drop.
The pipe will be made out of a coil from copper material as it has its own advantage.
The longer the coil is, the longer the path of the flow will be taken, and thus more heat
will be exchanged. The water that flows through the coil will experience heat transfer
since it goes on a long path that is made of copper, which has high conductivity. Heat
transfers from the water, and thus the water will be cold from the copper coil. By then,
the temperature of the water will be just right to proceed to next level.
3.4.4 Water storage
When water-cooled coils are used, a steady supply of cooling water must be available
every second. The water supply is limited within the water tank. Therefore the cooled
water must be returned to the tank after it passes through the cooling coils. Refer to
process (3) in Figure 3.7. This is where the cooling tower concept is used (Pita, 2002).
The cooling tower is the equipment that accomplishes this. It transfers heat from the
condenser water to the atmospheric air. From the diagram, we can see the water is
returned to the tank after it passes through the whole system. The water outlet brings
back the cooled water. Thus cooled water supply will always be available for the system
in a longer period of time.
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3.4.5 Air Distribution
Hot air will come from other side of the system, and goes through the coil. The air will
then be cooled after flowing through the copper coil since the water flow is cold. The
heat of the air will be transferred and trapped in the coil, which then produces cold air.
This process is referred to process (4) in Figure 3.7.
When cooling coils have a number of rows, they are usually connected so that the flow
of water and air are opposite to each other, called counter flow. In this way, the coldest
water is cooling the coldest air, fewer rows may be needed to bring the air to a chosen
temperature than if parallel row were used, and the chilled water temperature can be
higher (Pita, 2002).
The cold air will then flow through the space provided and straight into a fan. Refer to
the Figure 3.7, process (5). The electricity produced from the energy conversion
discussed in the previous part generates the fan. It is used to help the distribution of the
cold air obtained, by speeding up the airflow depending on the power source. The fan
will generate and draw the cold air into it to fasten the process. When the fan is
operating, it will blow out the cold air that has been drawn to it to the outer part of the
system. Thus creates the cold air that the project intends to produce.
3.5 Project implementation
After the best and appropriate design being chosen, the design will be analyzed back to
achieve the objectives i.e. all data collected in the design should be supported by the
hypothesis. Whendata supports the hypothesis, the project is then be implemented. This
is wherethe theoryand practical are combined to achieve the design objectives.
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3.6 Product (prototype) development
The final step of this project is to develop a working prototype of a solar-powered air-
conditioning system. The prototype has been developed according to all data collected
and it is shown in figure 3.9 below.
(a) (b)




This section will cover towards the calculation steps in determining the cooling load
capacity required to drive the new air-conditioning unit and the results from the
experiments on the prototype.
4.1 Cooling load calculation
The air inside a building receives heat from a number of sources. If the temperature and
humidity of the air are to be maintained at a comfortable level, this heat must be
removed. The amount of heat that must be removed is called the cooling load (Pita,
2002).The cooling load must be determined because it is the basis for selection of the
proper size air-conditioning equipment and distribution system. It is also used to analyze
energy use and conversion.
The cooling load calculation can be calculated using the software given or it is also can
be calculated manually by collecting some appropriate data. The cooling load
calculation procedure that will be explained here is called the CLTD method. The first
step is the selection of inside and outdoor design temperatures from table 4.1 and 4.2
below.










25 85 3.72 0.5
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Table 4.2: Outdoor Cooling Design Conditions- World Locations
Location Latitude Cooling
DB MWB WB MDB DR
MALAYSIA 1° North 32.8 26.1 27.2 31.1 -11.7
DB = dry bulb temperature, °C
MWB= mean coincidentwet bulb temperature, °C
MDB = mean coincident dry bulb temperature, °C
DR = mean daily rangeof DB temperature, °C
From the table given, the indoor and outdoor design temperature chosen was 25°C and
32°C respectively. They were chosen based on average human comfortability in our
country. The subsequent steps in determining the total cooling loads are as follow:
4.1.1 Use architectural plans to measure dimensions of all surfaces
The dimensions are taken from the building plans in figure 4.1 and the gross and net






















Figure 4.1: Architectural plan
NOTES:
Ceiling height = 2.4 m
Single clear glass, blinds
Windows = 1.06 m W X 1.2 m H except as noted
Doors = 0.9 mX 2.1m
From the plan, gross and net areas ofeach element are accumulated in the table 4.3:
Table 4.3: Gross and net areas of plan architecture.
Room Name Plan Size
Living room 7 m x 4 m = 28 m2
Dining room 2.5 mx 3 m = 7.5 m2
Bedroom No. 1 4m x 3.4m -13.6 m2
Bedroom No. 2 3m x 3.2m = 9.6 m2
Bathroom 1.8 mx2m = 3.6m2
Kitchen 2.5 mx 3 m = 7.5 m2
The entire dimensions are calculated using standard unit used in Malaysia. The standard
unit used by the European country is in ft.
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4.1.2 Select heat transfer coefficient, U for each element.
Heat transfer coefficients for the materials listed are found from Tables A.7 and A.8 in
the appendices. All the calculation values can be recorded in Figure A.4 in the
appendices. Fromthe tables, the coefficient values for window, roof and doorsare:
Uw=0.20 Ur=0.10 Ud = 0.47
4.1.3 Calculate the heat gains through walls, roof, and floors for each room
Using the CLTD values from Table 6.19 in the appendices, the outdoor temperature
range is 90°F = 32°C, in the M class. The wall heat gains in each room are then
calculated using equation:
Q = UxAxCLTD (4.1)
where
Q = sensible cooling load, kW
U = overall hate transfer coefficient, kW/ m
A = area, m
CLTD =cooling load temperature difference, °C
All values are recorded in Figure A.4 in the appendices. The CLTD values obtained are
for wall, roof/ceiling, doors, windows, infiltration and people.
4.1.4 Calculate heat gains through glass for each room





Q = sensible cooling load due to heat gain through glass, kW
A= area ofglass, m2
GLF =glass load factor, kW/ m2
From table 6.20 in appendix, for the windows on the south side, the GLF for the type of
glass and shading is 28 Btu/ hr.ft2 =302 Btu/ hr. m2 at 32°C outdoors and 25°C indoors.
4.1.5 Determine occupancy and appliance load
The sensible heat gain per person is assumed to be an average of 225 Btu/hr = 65.925
kW (1 Btu/hr = 0.293 W). If the number of occupants is notknown, it can be estimated
as two times the number of bedrooms. Because the maximum load usually occurs in late
afternoon, it is usual to assume that the occupants are in living and dining areas for
purposes of load distribution.
For a two-bedroom house, it is assumed that occupancy of four; two in the living room,
two in the dining area at peak load times. The kitchen appliance load is assumed to be a
0.35 kW. A sensible heat gain allowance of 0.35 kW - 0.46 kW is typical for kitchen
appliances.
4.1.6 Determine infiltration or ventilation load




Q = sensible coolingload due to infiltrating air, kW
CFM - air infiltration rate into room, CFM
AT = temperature change between inside and outside air, C
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While for the quantity of air infiltrating into the room, the value is found from equation:
CFM=ACHxy6Q (4.4)
where
CFM = air infiltration rate into room, CFM
ACH = number of air changes per hour (from table 6.22)
V= room volume, m3
4.1.7 Add individual loads to find sensible load for each room and building
The individual gains are added to find the RSCL (residential sensible cooling load) for
each room and the building. All values can recorded in Figure A.4 in the appendices.
4.1.8 Add duct heat gains and leakage to SCL of building
The duct system is in the basement. Allow 5% for heat gain and 5% for leakage to the
building sensible cooling load (BSCL).
4.1.9 Multiply the building sensible load by the latent factor, LF.
Figure 4.2 is used to find the LF value, using the outdoor design humidity ratio from the











2.5% Design Humidity Ratio
0.018
Figure 4.2: Effect of infiltration on latent load factor
This final step is the result of the air conditioningequipment total cooling load. From the
calculation done, the total cooling loads obtained are:
Sum RSCL =15 405 Btu/hr
Duct gain 5% = 770 Btu/ hr
Duct leak 5% = 770 Btu/ hr
BSCL = 16,945 Btu/hr
BTCL - 1.25 (LF)XBSCL = 21,181 Btu/ hr = 6.2 kW
Note: RSCL = Residential cooling load
BSCL = Building sensible cooling load
BTCL = Building total cooling load
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For this project, a new air-conditioning system is based on the cooling load calculation
for bedroom 2 and the total cooling load is summarized in table 4.4 below.
Table 4.4: Total cooling load for bedroom 2:
Room Name Bedroom No. 2
Plan Size lO'Xll'+3'X4'
Wall Direction Area (fi2) U-Value
(BttvUr-ft-F)
CLTD (F) Btu/hr
North 74 0.20 13 340
West 74 0.20 23 192
Windows Direction Area (fl2) GLF(F)
North 14 23 322




0.10 122 47 573
RSCL 2127
The total cooling load is 2127 Btu/ hr which is equal to 0.6kW. This is the required
cooling load that needs to be removed by the system.
33
4.2 Experiments' result
Some experiments have been conducted to measure the temperature drops from the
system designed. The data for the temperature was taken before and after the system is
running. The results are as follow:





Reading 1 Reading2 Reading 3 Average




Reading 1 Reading2 Reading 3 Average
20.7 20.9 20.6 20.7
34
CHAPTER 5
CONCLUSION AND FUTURE WORK
In a nutshell, the idea of solar powered air-conditioning system is really a
brilliant idea and a good investment for Malaysia since we receive the Sun's radiation
throughout the year. When there is Sun, that is the time where air-conditioner is needed
and that is the time where the photovoltaic can be functioned. It is important to note that
a PV system will not save energy. People invest in PV because it is an energyproducer,
which releases no noxious gases into the air, and it can minimize or eliminate monthly
utility bills. When PV technologies are combined with energy efficiency measures, PV's
investment value is magnified. When a home's energy efficiency increases, PV can
offset more of the utility bill. Eventhough there are up-front costs incurred with
purchasing the PV system andinstalling certain energy efficiency measures but, in many
cases, these costs can be recouped over time by the savings on the monthly energy bill.
Modeling shows that the solar-powered air conditioning system using photovoltaic has
the potential to be developed in Malaysia.
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HARR RESIDENTIAL SYSTEM MODULE
AESTHETIC APPEAL. EFFICIENT INSTALLATION.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC
ROOF MODULE WITH 62W MAXIMUM POWER
Beautifully complementing roof tiles of many shapes and sizes,Sharp's
ND-62RU1 solar modules offer a clean, unobtrusive look that's especially
pleasing to homeowners.These solar roof shingles are quick and easy to
integrate into the roof in the same manner as common, flat concrete tiles.
They're designed for weather blocking, with water channel design similar to
concrete tiles, and because the module brackets screw to the existing roof
battens, no additional framing materials or extra roof penetrations are
required. Offering superior durability, they are resistant to moisture, impact
and high winds.Sharp's ND-62RU1 solar roof modules are an ideal
combination of aesthetics, performance and ease of installation for a wide
range of residential new construction.
Compatiblewithmost roof tiles used
in new residential construction, like Eagle
andMonier, each solar roof module
replaces five concrete tiles.
Sharp'ssolar rooftiles integrate
beautifully with standard roof tiles





No. of Cells and Connections







Maximum Power Voltage (Vpm)
Short Circuit Current (Isc)
Maximum Power Current (Ipm)
Maximum Power (Pmax)* 62W(+10%/-5%)
Maximum System Voltage 600V
Series Fuse Rating
Type of Output Terminal
15A
Lead Wire with ONAMBA Connector
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6 8 10 .12
Voltage [V] — Current vs. Voltage
— Power vs. Voltage
Current, Power vs. Voltage Characteristics
MEi HANICAL CHARACTERISTICS
Dimensions (L x W x D)
Weight
59" x 15.6" x 1.3" (1498mm x 396mm X34mm)
16.5lbs (7.5kg)
Size of Carton 59.4* X16.3" X10.2" (1508mm X413mmX 2b0mm)
Carton Quantity & pes per carton
Pallet Quantity 72 pes per pallet
1152 pes (16 pallets)Loading capacity (48 ft container)
Loading capacity (53 ft container) 1296 pes (18 pallets)
COMPATIBLE ROOF TILES
Eagle Roofing, Monier LifeTile,
and other Roof Tiles
Consult Sharp or a Sharp reseller for
more information
ABSOLUTE MAXIMUM RATINGS
Operating Temperature (min to max, °F/°C) l_-40to+i94'C/-40'to+9rrc
Storage Temperature (min to max, °F/°C) j -40 to+194T / -40' to +go'C
DIMENSIONS
CD E
i i "• r ~n
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Design and specifications and design are subject tochange without notice.
ithe absence of confirmation by product manuals. Sharp takes no responsibility for any defects that may occur in equipment using any Sharp devices.
Contact Sharp toobtain the latest product manuals before using any Sharp device.
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HARR RESIDENTIAL SYSTEM MODULE
ATTRACTIVE LOOK. FLEXIBLE DESIGN.
LEFT AND RIGHT TRIANGULAR PHOTOVOLTAIC
MODULES WITH 72W MAXIMUM POWER
!• i1 •
Sharp's new triangular photovoltaic modules offer the clean;pleasing look
i Jj :
of a high-tech skylight while increasing design flexibility with balanced and
attractive rooftop arrays. Engineered specifically for residential hip roofs
andcomplex roof lines, thesemodules seta new standard in aesthetics.
The black anodized aluminum frames,trim strips, and backing sheets blend
beautifully with the home's exterior. In addition, an "L" hook design located
along the frame's perimeter ensures easy integration with thte; residential
system mounting hardware. Using breakthrough technology perfected by
ill lSharp's 45 years of research and development, these modules;incorporate an
advanced surface texturing process toincrease light absorption'and improve
efficiency. They arealso designed to withstand extreme heatlan'd wind.
Sharp'sND-072ERU/LU triangular residential system modulesiarean ideal
combination of form and function from the global leader in.s.0la|r technology.
Thelaminated glass module is glazed
into a high torsion black anodized
aluminum frame.
Sharp's triangular modules with black frames,
trimstrips, and backing sheets'allow for the
seamless integration of the system into the
home's design.
RESIDENTIAL SYSTEM MODULE
ELECTRICAL C H A K A»_l i ft! CTIC S
Cell Poly-crystalline silicon
No. of Cells and Connections 21 In scries
Open Circuit Voltage (Voc)
Maximum Power Voltage (Vpm)
Short Circuit Current (Isc)










Type of Output Terminal Lead Wire with MC Connector
'(STC) StandardTest Conditions:2S°C1 kW/mJ,AM1.5




























0 2 4 6 8 10 12 11
Voltage [V]
^—• Current vs.Voltage
Current, Power vs.Voltage Characteristics
.'lECHANI'A" CHARACTERISTICS
Dimensions (A x B x C below) 45.86" x 38.98" x 1.B1"
1165mm x 990mm x 46rr
26.9lbs/12.2kg_
2 pes per carton
Weight
Packing Configuration
Size of Carton 46.06" x 42.5" x 5.12"







A B C D E F
45,e&7ntSrnm 38.98V990mm 1.81*Mmm 6,817173mm 50.371277.5mm 15.757400mm
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Design and specifications aresubject tochange without notice.
©
in the absence ofconfirmation by product manuals, Sharp takes no responsibility for any defects that may occur in equipment using any Sharp devices.
Contact Sharp toobtain thelatest product manuals before using any Sharp device.
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H/\RR MULTI-PURPOSE MODULE
POWERFUL PERFORMANCE. SHARP RELIABILITY.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 80W MAXIMUM POWER
Sharp's NE-80EJEA photovoltaic modules offer industry-leading perform
ance, durability, and reliability for a varietyof electricalpower requirements.
Using breakthrough technologyperfectedbySharp's 45years of research
and development, these modules incorporate an advanced surface
texturing process to increase light absorption and improveefficiency.
Common applications include cabins,solar power stations, pumps, beacons,
and lighting equipment. Designed to withstand rigorous weather conditions,
a junction box isalso providedfor easyelectrical connections in the field,
making Sharp's NE-80EJEA modules the perfectcombination ofadvanced
technology and reliability.
Solder-coated gridresults inhigh fill factor
performance under low light conditions.
Sharp multi-purpose modules offer
industry-leading performance for
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No. of Cells and Connections
Open Circuit Voltage (Voc)





Short Circuit Current (Isc) 5.16A









Type of Output Terminal
10A
Junction Box






— Power vs. Voltage
Current, Power vs.Voltage Characteristics
M E C H A N I C A L C H; RACTEKIS1ICS
Dimensions (H x W x D ) 47.28" X20.14" X 1.B1"
1200mm X 512mm X 46rrirn
20.94IDS / 9.5kg
1 pc per carton
53.15" X 27.56" X 2.95"
1350mm x 700mm x 75mm
242 pes (242 cartons)




Loading Capacity (20 ft container)




-40 to +194'F / -40 to +90T
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Contact Sharp toobtain thelatest product manuals before using any Sharp device.
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H/VRR MULTI-PURPOSE MODULE
SUPERIOR DURABILITY. HIGH EFFICIENCY.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 123W MAXIMUM POWER
Sharp's ND-L3EJEA photovoltaic modules offer industry-leading performance,
durability, and reliability for a variety of electrical power requirements. Using
breakthrough technology perfected by Sharp's 45 years of research and
development, these modules incorporate an advanced surface
texturing process to increase light absorption and improve efficiency.
Common applications include cabins, solar power stations, pumps, beacons,
and lighting equipment. Designed to withstand rigorous weather conditions,
a junction box isalso provided for easy electricalconnections in the field,
making Sharp's ND-L3EJEA modules the perfect combinationof advanced
technology and reliability.
Solder-coated grid results in high fill factor
performance under lornlight conditions.
Sharp multi-purpose modules offer
industry-leading performance for






I-LEITRIiAl CH ' *.fi "TERISTICS
Cell
No. of Cells and Connections
Poly-crystal line silicon
36 In series
Open Circuit Voltage (Voc)
Maximum Power Voltage (Vpm)







Maximum Power Current (Ipm)
Maximum Power (Pmax)"
Module Efficiency <nm)
Maximum System Voltage 60OVDC
Series Fuse Rating 15A
Type of OutputTerminal Junction Box







— Power vs. Voltage
Current, Power vs.Voltage Characteristics
:v.r;: ^nj^al characteristics
Dimensions (HxWxD) 59.02" x 26.06" x i.ai"




2 pes per carton
Size of Carton 62.99" x 30.71" x 5.12"
1600mm x 7B0mm x 130mm
Loading Capacity (20 ft container) 196 pes (98 cartons)




-40to_+194'F/ 40 to+90 C
-40to+194T/-40 to+90'C
0 I K. t N i I 0 N S
JUNCTION BOX
29.57749.5mm 9.87249.5mm 24.37"/619.0mm
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HARR MULTI-PURPOSE MODULE
SUPERIOR DURABILITY. HIGH EFFICIENCY.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 125W MAXIMUM POWER
Sharp's ND-L5E1U photovoltaic modules offer industry-leading performance,
durability, and reliability for a variety of electricalpower requirements. Using
breakthrough technology perfected by Sharp's45 years of research and
development, these modules incorporate an advanced surface texturing
process to increase light absorption and improveefficiency. Common
applications include cabins,solar power stations, pumps, beacons, and
lighting equipment. Ideal for grid-connectedsystemsand designed to
withstand rigorous weather conditions,Sharp'sND-L5E1U modules are the
perfect combination of advanced technology and reliability.
Solder-coated gridresults inhigh fillfactor




a variety of applications.
ND-L5E1U
VJW ->wfc:-
•High-power module (125W) using
155mm square poly-crystalline




light absorption and efficiency
while providing a more
subdued,"natural" look
' Bypass diodes minimize the
power drop caused by shade
•Water white, tempered glass,
EVA laminate, plus aluminum
frame for extended outdoor use
• Nominal 12VDCoutput for
battery charging applications
•UL Listings: UL1703,cUL
>Sharp modules are manufactured
in ISO 9001 certified facilities
•25-year limited warranty
on power output
(see dealer for details)
MULTI-PURPOSE MODULE
r!.E*"TR,C^I. J!r Hi" TTERISTICS
Cell Poly-crystal lire silicon
No. of Cells and Connections 36 In series
Open Circuit Voltage (Voc) 21.7V
Maximum Power Voltage (Vpm)
Short Circuit Current (Isc)
17.2V
8.14A
Maximum Power Current (Ipm) 7.3A








Lead Wire with MC Connector
• (STC) Standard Test Conditions: 25 "<; 1 kw/m!, AM 1.5
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Voltage [V]
— Current vs. Voltage
— Power vs. Voltage
Current, Power vs.Voltage Characteristics
•ir* h " nical cut
Dimensions (HxWxD)
IRACTERISTICS
59.02" X 26.06" x 1.81"
1499mm x 662mm x 46 mm
30.861135/14.0kg
2 pes per carton
63.39" X30.71' X5.12*




Loading Capacity (20 ft container)
Loading Capacity (40 ft container)
196 pes (98 cartons)




-40 to +194T / -40 to +90'C
-40 to +194T / -40 to +90T
DIMENSIONS
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HARP. RESIDENTIAL SYSTEM MODULE
ATTRACTIVE LOOK. FLEXIBLE DESIGN.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 142W MAXIMUM POWER
Sharp's ND-N2ECU photovoltaic modules offer increased aesthetics and
revolutionary design integration.These residential photovoltaic modules
give the clean,attractive appearance of a high-tech skylightwhile the
black anodized aluminum frames, trim strips, and backing sheets blend
beautifully with the home's exterior. In addition, an "I" hook design located
along the frame's perimeter ensures easy integration with the residential
system mounting hardware. Using breakthrough technology perfected by
Sharp's 45 years of research and development,these modules incorporate
an advanced surface texturing process to increase light absorption and
improve efficiency. And,as the global leader in solar manufacturing,
Sharp has designed these modules with superb durability and efficiency
to withstand extreme heat and high winds. Sharp's ND-N2ECU is the perfect
combination of technology and aesthetics.
Thelaminated glass module is glazed
into a high torsion black anodized
aluminum frame.
•^«wi»S tfvtfr^." :'•»-•••..#,
Sharp'sresidential modules with black frames,
trimstrips, and backing sheets allow for the
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RESIDENTIAL SYSTEM MODULE
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Cell





Open Circuit Voltage (Voc)
Maximum Power Voltage (Vpm)
Short Circuit Current (Isc) 7.92A






Maximum System Voltage 600VDC
Series Fuse Rating 15A








Current, Power vs. Voltage Characteristics
•/. F C H A N I C A L CHARACTERISTICS




Loading Capacity (20 ft container)
Loading Capacity (40 ft container)
45.87" X 38.98" X 1.81"
1165mm x 990mm x 46mm
31.96lbs/14.5kg
2 pes per carton
49.6" x 42.52' x 5.12"
1260mm x 1080mm x 130mm
196 pes (98 cartons)
420 pes (210 cartons)
ABSOLUTE f'AMKUm RATINGS






-40 to +194T / -40 to +90'C
EDGE VIEW
A B C D E F G
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H/VRR RESIDENTIAL SYSTEM MODULE
POWERFUL. ATTRACTIVE. RELIABLE.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 162W MAXIMUM POWER
Designed specifically for peak roofs,Sharp's ND-162U1 photovoltaic
modules offer industry-leading performance and aesthetics.
These residential modules give the clean, attractive appearance
of a high-tech skylightwhile the black anodized aluminum frames
and trim strips blend beautifullywith the home's exterior.Using
breakthrough technology perfected by Sharp's 45 years of research
and development,these modules incorporate an advanced surface
texturing process to increase light absorption and improve efficiency.
Sharp's ND-162U1 modules are the perfect combination of technology
and aesthetics.
The laminated glass module is glazed
Into a high torsion black anodized
aluminum frame.
Sharp's residential modules with black frames
and trim strips are ideal for peak roofs, and
allow for the seamless integration of the
system into the home's design.
I ,'






No. of Cells and Connections
Poly-crystalline silicon
48 In series
Open Circuit Voltage (Voc) 28.4V
Maximum Power Voltage (Vprrt) 22.BV
Short Circuit Current (Isc) 7.Q2A





Maximum System Voltage 60QVDC
Series Fuse Rating
Type of Output Terminal
15A
Lead Wire with MC Connector
'{STC)StandardTestConditions:25DC1 kW/m'.AM 1.5
IV C U ft V v S
Cell Temperature: 25'C




Current, Power vs. Voltage Characteristics
MLCriAIJKAL CHARACTERISTICS




2 pes per carton
Size of Carton 56.3" x 42.5" x 5.1*
1430mm x 1080mm x 130mm
Loading Capacity (20 ft container) 224 pes (112 cartons)
Loading Capacity (40 ft container) 504 pes (252 cartons)
Loading Capacity (53 ft container) 560 pes (380 cartons)
ABSOi UTE MAX Ml M RATINGS
Ope
• 194 T/ 4Jto-9JC
Storage Temperature 1 -40 to +194'F / -40 to +90"C
















10.27259mm 37,17943mm 25,2 7639mm
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HARP. RESIDENTIAL SYSTEM MODULE
POWERFUL. ATTRACTIVE. RELIABLE.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC
MODULE WITH 167W MAXIMUM POWER
Designedspecifically for peak roofs,Sharp's ND-167U3A photovoltaic
modules offer industry-leading performance and aesthetics.
These residential modules givethe clean,attractive appearance
of a high-tech skylight while the black anodized aluminum frames
and trim strips blend beautifully with the home's exterior. Using
breakthrough technology perfected by Sharp's45 years of research and
development, these modules incorporate an advanced surface texturing
process to increase light absorption and improveefficiency.
Sharp's ND-167U3A modules are the perfectcombination oftechnology
and aesthetics.
Thelaminated glass module is glazed
into a high torsion black anodized
aluminum frame.
Sharp's residential modules with black frames
and trimstrips are ideal forpeak roofs, and
allow for the seamless integration of the
system info the home's design.





No. of Cells and Connections




22.BVMaximum Power Voltage (Vpm)
Short Circuit Current (Isc) 8.16A










Lead Wire with MC Connector
' (STC)StandarrJTest Conditions: 25°C 1 kW/m', AM 15
"»' TURVES
Cell Temperature: Z5'C




Current, Power vs. Voltage Characteristics
MECHANICAL CHARACTERISTICS
Dimensions (A x B x C below) 51.9" x 39.1" x l.a"
1318mm x 994mm x 46mm J
Weight 1 36.4lbs/16.5kg
Packing Configuration | 2pes per carton
Size of Carton . 56.3" x 42.5" * 5.1"
1430mm x 1080mm xl30mm
Loading Capacity (20 ft container) 224 pes [112 cartons)
1
Loading Capacity (40 ft container) 1 504 pes (252 cartons)
Loading Capacity (53ft container) J 560 pes [280 cartons)
* H <• 0 :. U T E MAXIMUM R ,. i 1.4 G S
-40 to +194T / -40 to +90'C




A B C D E F
51.9713 IBrtim aWWUmm 1.674*nim 10,2"G59mm 37.1"M3mm 25.Z"fc39inm
Design andspecifications aresubject tochange without notice,
o
In theabsence ofconfirmation by product manuals, Sharp takes no responsibility for any defects thatmay occur inequipment using any Sharp devices.
Contact Sharp to obtain the latestproduct manuals before using any Sharp device.
SHARP.
Sharp ElectronicsCorporation - 5901 BolsaAvenue,Huntington Beach,CA92647
Tel:1 -800-SOLAR-06 *E-mail: sharpsolar@sharpusa.com •www.sharpusa.com/solar
SSD-167-805 ©2005 Sharp Electronics Corporation Printed in the USA
HARR MULTI-PURPOSE MODULE
HIGH-POWERED MODULE. SUPERIOR PERFORMANCE.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 170W MAXIMUM POWER
Sharp's NE-170U1 photovoltaic modules offer high-powered performance
and industry-leading durability for large electrical power requirements.
Using breakthrough technology perfected by Sharp's 45 years of research
and development, these modules incorporate an advanced surface
texturing process to increase light absorption and improveefficiency.
Common applications include office buildings,houses, cabins,solar power
stations,solarvillages and traffic lights. Ideal forgrid-connected systemsand
designed to withstand rigorous operating conditions,Sharp's NE-170U1
modules are the perfect combination of technology and reliability.
Solder-coated grid results in high fill factor
performance under low light conditions.
Sharp multi-purpose modules offer
industry-leading performance for
a variety of applications.
JS
MULTI-PURPOSE MODULE
r I r *- T -V C "» I '"HARACTPRiili^S
Cell
Mo. of Cells and Connections
Open Circuit Voltage (Voc)
Maximum Power Voltage (Vpm)
Short Circuit Current (Isc)















Type of Output Terminal Lead Wire with MC Connector
'(STQStandardTest Conditions: 2S°C1 kW/m'.AM 1.S


























10 20 30 40 5
Voltage [V]
— Current vs. Voltage
— Power vs. Voltage
Current, Power vs. Voltage Characteristics
n e : w; n"" a. • c •»
Dimensions (A x B x C below)
UTACTERISTICS
62.01" x 32.52" x 1.81"
1575mn X826mm X46mm
Weight 37.485lbs/17.0kg
2 pes per cartonPacking Configuration
Size of Carton 66.93" x 38.19" x 5.12"
1700ram X 970mm X 130mm
Loading Capacity (20 ft container) 168 pes (84 cartons)
Loading Capacity (48 ft container) 448 pes (224 cartons)
Loading Capacity (53 ft container) 504 pes (252 cartons)
A6S01U | E:4f^ IMUM RATINGS
Operating Temperature
Storage Temperature









D E F G
30.937785.5mm 7.37185.5 mm 30.47"/774 mm 3 5.4790Dmm
Design and specifications aresubject tochange without notice.
©
In theabsence ofconfirmation by product manuals, Sharp takes no responsibility for any defects thatmay occur inequipment using any Sharp devices,
Contact Sharp toobtain thelatest product manuals before using any Sharp device.
SHARR
Sharp ElectronicsCorporation • 5901 BolsaAvenue,Huntington Beach,CA92647
Tel:1-800-SOLAR-06-E-mail: sharpsolar@sharpusa.com* www.sharpusa.com/solar
Cover photo: Solar installation byPacific Power Management, Auburn CA SSD-170-805 ©2005 Sharp Electronics Corporation Printed in the USA
H/VRR MULTI-PURPOSE MODULE
NEXT GENERATION. BREAKTHROUGH PERFORMANCE.
POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 200W MAXIMUM POWER
This poly-crystalline 200 watt module features 12.3% module efficiency
for an outstanding balance of size and weight to power and performance.
Using breakthrough technology perfected by Sharp's45 years of research
and development, these modules incorporate an advanced surface
texturing process to increase light absorption and improve efficiency.
Common applications include office buildings, cabins, solar power stations,
solar villages,radio relaystations, beacons,traffic lights and securitysystems.
Ideal for grid-connected systems and designed to withstand rigorous
operating conditions, Sharp's ND-200U1 modules offermaximum power
output per square foot of solararray.
Solder-coated grid results in high fill factor
performance under low light conditions.
Sharp multi-purpose modules offer
industry-leading performance for a
variety of applications.
MULTI-PURPOSE MODULE
^_ELLv. Mi .\L * H '• »
Cell




Open Circuit Voltage (Voc)
Maximum Power Voltage (Vpm)
Short Circuit Current (Isc)












Type of Output Terminal
15A
Cable with MC Connector




— Current vs. Voltage
—• Power vs. Voltage
Current, Power vs. Voltage Characteristics
VkiCi.'.NI *L IHAPACTERISTICS





Loading Capacity (48 ft container)
Loading Capacity (53 ft container)
64.6" X 39.1" Xl.B"/
1640mm X 994m X 46rri
|46.3lbs/21kg
I 683"X43.2"X45V 1735mmX1097mmX114mm
2 pes per carton
28 pes per pallet
448 pes (16 pallets)
476 pes (17 pallets)
ABSOLUTE MAXIMUM RATINGS
















Design andspecifications aresubject tochange without notice.
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Contact Sharp toobtain thelatest product manuals before using any Sharp device.
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Concept of SolarHybridSystem
JOHOR HAIIHU: Life has
changed for the better for
the inhabitants on remote
islands off the coast of
Merging. In cooperation
with the Government's,









six of these islands, can
now keep their daily catch
fresh for market in deep
freezers. Prior to SHS,
fish had to be eaten or
sold the same day. This
is only one, but clearly
beneficial, improvement to.
the islander'slives and the
economies of the islands.
SHS are a combination
of solar power panels and
generator sets. Battery
packs store solar power
generated through the







operated by TNB, SHS
can positively impact
the lives of thousands
of Malaysians living on
remote islands and within
jungle interiors. Realising
the human benefits the
systems offer, TNB is
looking into ways of
further promoting solar
and other renewable










































jir first meal with











to the island to
install Solar Hybrid Systems
(SHS) on the island last year.
"I realised after the meal
that without freezers to store
their catch, the fishermen had
to eat almost everything they
caught each day.
Before SHS, electricity was"
provided by diesel-fuelled.
generators which cost as much
as RM500 a month to supply
electricity 12 hours a day
to 6 homes.
Since the deployment of the
SHS, the same households now
enjoy uninterrupted power
supply at a fraction of the cost
-just RM60 per month.
So what of the "fish feasts"
of last year?
"Well, now they have
freezers, on our last visit the
feast was definitely not as much
as it was.
"But, the hospitality
remained the same. They made
us feel proud to work for TNB,"






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TENAGA Nasional Bhd {TNB) is said
to becurrendyexploring the useofa
technology that would enable coal-
fired power plants to use high sul
phurcoal andsavethe powerindus
try billionsof ringgit in fuel cost.
The process, which involves
applying a chemical to crushed coal,
is said to lower emissions of pollu- •
tants created by the burningof coal
and increases the efficiency of the
.burn."This GTS technologyworks on
all types of coal and hence offers a
large profit margin for the end user.
It is fundamentally a "pre-combus-
tion technique that offers flexibility
in operations, and users do not have
to retrofit existing plant facilities to
use it," said Alpha Beyond Sdn Bhd
director Adrian Ooi.
Alpha Beyond has been granted
an exclusive licence to operate,
develop and commercialise the
technology. It calculates that based
on coal consumption of 20 million
tonnes per annum, power compa
nies in Malaysia would be able to
save RMl,9bil per annum in coal
costs assuming the price of coal
remainsat current prices.
"The GTS technology will provide
power generation companies such
as TNB and other, independent
power producers an amazing eco
nomic advantage," Ooi said in a
statement. "Together with YTS
. Engineerings SdnBhd, we are infinal
discussions with TNB for the long-
term utilisation of coal treated with
GTS technologyin Malaysia. TNB has
established a special task force to
explore the beneficialtechnologyfor
the.major coal-firedpower plants in
Malaysia," he added. Alpha Beyond
has formed a marketing alliance
with YTS Engineeringsto market the
technology to all coal-fired power
generationplants ^Malaysia.
The statement said high sulphur
coal had not been a viable option
thus far as burning of such coal did
not meet environmental and quality
laws and guidelines and due to sig
nificant increase in demand for low
sulphur coal for generation activity,
the costoflowsulphurcoalhaddou
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COOLING LOAD CALCULATIONS 153
ABLE 6.19 CLTD VALUES FOR SINGLE-FAMILY DETACHED RESIDENCES3
Design Temperature, °F
85 90 95 100 105
M
110
Daily Temp. Rangeb L M I iVi H L M H u H H
[I!wallsami doors
". North 8 3 13 8 3 18 !3
8 18 13 18 15
"" NEandNW I4 9 19 14 9 24 19 14 24 19 24 29
Bast and West 18 13 23 18 13 28 23 IS 28 23 28 Si
SBandSW 16 11 21 16 11 26 21 16 26 21 26 31
South 11 6 16 Li 6 21 16 11 21 lb
21 26
'ioofs andceilings
Attic or Hat built-up
Floors and ceilings





42 37 47 42 37
9 4 14
47 42 51 47 51 56
14 19
12 14 12 14 19
"Cooling load temperature differences (CLTDs) for single-family detached houses, duplexes, or multifamily, with both east and west
exposed walls oronlynorth and southexposed walls, °F.
"I denote" low dailv nm»e, less than 16 °F; Mdenotes medium daily range, 16 10 25 >F: and Hdenotes high daily range, greater than
2*) I









































































































































































































































































































































































































































































































































































































































































































































































































the 1997 ASHRAE Handbook—Fundamentals.
TABLE 6.22 AIR CHANGE RATES AS AFUNCTION OF

























Vnlnes for 75mph wind and indoor temperature of 7.VF.Cin^with fLissio,, ftom <h= ,997 ASHR.AE Han^o^u^a,,
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Framewith woodsiding, sheathing, and inside linish:
No insulation
R-7 insulation (2 m.-l'/i in.)
/Ml insulation (3 \n.-VAin.)









8 in. concrete block, no finish
12 in. concrete block, no finish
Masonry (8 in. concrete block):
Inside linish:
furred gypsum wallboard 0/i in.);no insulation
furred, foil-backed gypsum wallboard(h in.): no insulation
I in. polystyrene insulation board {R-5). and *'2 in.gypsum wallboard
Masonry (.S in. cinder block or hollowclay tilci:
inside finish:
furred gypsum wallboard(!o in.); no insulation
furred, foil-backed gypsum wallboard i I'z in.);no insulation
1in. polystyrene insulation board (R-5). and '': in. gypsum wallboard
Masonry (4 in.face brick andSin.cinder block or Hin.hollow claytile):
Inside linish:
furred gypsum wallboard (!» in.): noinsulation
fLirred.l'oil-backed gypsum wallboard {Vi in.); no insulation
I in. polystyrene insulation board (R-5). and Vi in. gypsum wallboard
Masonry (12in.hollow claytileor 12in.cinder block):
Inside finish:
furredgypsum wallboard('/> in.); no insulation
furred, foil-backed gypsumwallboard (wi in.);no insulation
I in. polystyrene insulation board (R-5), and '/; in.gypsum wallboard
Masonry (4 in. face brick, 4 in. common brick):
Inside finish:
furredgypsum wallboard('/; in.); no insulation
furred, foil-backed gypsumwallboard (A in.):no insulation
I in. polystyrene insulation board (R-5), and '/: in. gypsum wallboard
Masonry (S in. concreteor 8 in. stone):
Inside finish:
furred gypsum wallboard ('/? in.);no insulation
furred, foil-backed gypsum wallboard (V> in.); no insulation
I in. polystyrene insulation board (R-5). and ln in. gypsum wallboard
Metal withvinyl inside finish, R-l (3 in.glass fiber batt]
PARTITIONS
Frame (V: in. gypsum wallboardone side only):
No insulation
Frame (V: in.gypsum wallboardeach side):
No insulation
R-\ I insulation
Masonry ('4 In. cinder block):
No inflation, no finish
No insulation,one side furredgypsum wallboard('-: in.)
No insulation,both sides furred gypsum wallboard (',': in.)




















































Concrete (asphalt tile lioor. 4 in. concrete deck, air space, finished ceiling):
Heat flow up
I ieat flow down _^___^___ — ————-
ROOF (Hal roof, no finished ceiling)
Steel deck:
No insulation
1 in. insulation (W-2.78)
2 in. insulation (W-5.56)
I in. Wood deck:
No insulation
1 in. insulation (W-2.78)
2 in. insulation (W-5.56)
2.5 in. Wood deck:
No insulation
1 in. insulation (W-2.78)
2 in. insulation (/\'-5.56)
4 in. Wood deck:
No insulation
1 in. insulation (A'-2.78)
2 in. insulation (R-5.56)
ROOF-CFILING (flat roof, finished ceiling)
Steel deck:
No insulation
1 in. insulation (W-2.73)
2 in. insulation (Wo.56)
I in. Wood deck:
No insulation
1 in. insulation (W-2.78)
2 in. insulation (W-5.56)
2.5 in. Wood deck:
No insulation
1 in. insulation (W-2.78)
2 in. insulation (W-5.56)
4 in. Wood deck:
No insulation
1 in. insulation (W-2.78)
2 in. insulation (W-5.56)
4 in.Lightweight concrete deck:
No insulation
6 in. Lightweight concretedeck:
No insulation
5 in.Lightweight concrete deck:
No insulation
2 in. Heavyweight concrete deck:
No insulation
1 in. insulation (W-2.78)
2 in. insulation (W-5.56)
4 in. Heavyweight concrete deck:
No insulation
1 in. insulation (W-2.78.)
2 in. insulation(W-5.56)
6 in.Heavyweight concrete deck:
No insulation































































ROOF-CFILING (wood frame pitched roof, finished ceiling on raftersi
No insulation





ROOF-ATTiC-CF.HJNG (attic with natural ventilation)
No insulation






Floor over unconditioned space, no ceiling:
Wood frame:
N'o insulation


















14 in. thick, mineral fiber core
14 in. thick, pol\st\rcne core













TABLE A.8 OVERALL HEATTRANSFER COEFFICIENT U FOR GLASS
(BTU/HR-FT^-F) (Forglass installed vertically)
Type of Frame (Sash)
Aluminum (with thermal break) Wood or Vinyl
Type of Glazing Winter Summer Winter Summer
Single giass no 1.01 0.98 0.90
Double glass
% in. air space 0.60 0.56 . 0.5 I 0.47
•Ms in. airspace H-rilm 0.48 0.45 0.39 0.37
Triple Glass
-Vs in. air space 0.46 0.43 0.38 0.36
Ks in. argon space 0.34 0.33 0.25 0.24
Note: E-lilm is a relleetive coaling (L = 0.15).
Abridged with permission from the lc)9jASHRAE Handbook—f'undamciiiid.i.
508 APPENDIX













































































DB =dry bulbtemperature, F
MWB = mean coincident wet bulb temperature, F
MDB = mean coincident dry bulb temperature, F
DR = mean dailyranqe of DB temperature, FAbridged with permission from the 1997ASHRAE Handbook-Fundamentals.
96
88
77
83
94
74
82
91
94
82
75
77
79
83
90
90
87
76
DR
25
II
19
15
29
17
15
17
18
17
17
15
